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SPECIFICATION 



I. Title of the Invention 

Detecting Method and Device for Remains Shell in Shucked 
Shellfish 

II. Claims 

1. A detecting method for remains shell in a shucked shellfish 
which detects shell pieces remaining in the shucked shellfish is 
characterized by that 

an X-ray is irradiated to a shucked shellfish, 

an X-ray image of said shucked shellfish is received via an X- 
fluorescent plate and is converted to an electric signal, 

the said electric signal is amplified to a prescribed level 
and then subjected to a logarithmic transformation, 

the intensity, width and absorption wave form of X-ray image 
of X-ray image absorption parts given by the logarithmic trans- 
formation are measured, the X-ray image absorption part of said 
shucked shellfish and the X-ray image absorption part of said shell 
pieces are discriminated based on the said measured values, and a 
sorting unit is controlled to separate and remove the shucked 
shellfish containing the shell pieces based on said discrimination. 



^ Nximbers in the margin indicate pagination in the foreign text. 
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2. A detecting device for remains shell in a shucked shellfish 
which detects shell pieces remaining in the shucked shellfish is 
characterized by comprising 

a bucket conveyer in which buckets are arranged side by side, 
said buckets are transferred intermittently at a given period and 
a prescribed quantity of shucked shellfish is continuously charged 
to the respective buckets , 

an X-ray irradiation unit which irradiates an X-ray to the 
shucked shellfish in the said buckets, 

a light receiver which has an X-f luorescent plate for sensiti- 
zing to the X-ray and emitting a light and receives an X-ray image 
of said shucked shellfish by said fluorescent plate, 

a photoelectric transfer element which converts a light 
emitted from the X-f luorescent plate of said light receiver, 

a signal processing unit which amplifies the electric signal 
of said photoelectric transfer element to a prescribed level and 
then processes it by logarithmic transformation, measures the 
intensity, width and absorption wave form of X-ray image absorption 
parts given by the logarithmic transformation, and discriminates 
the X-ray image absorption part of said shucked shellfish and the 
X-ray image absorption part of said shell pieces based on said 
measured values, and 

a sorting unit which intakes a control signal from said signal 
processing unit based on said discrimination and operates the 
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buckets of said conveyer to separate and remove the shucked 
shellfish containing shell pieces. 

II 

III. Detailed Description of the Invention 
[Field of Industrial Application] 

This invention relates to a detecting method and a detecting 
device for remains shell in a shucked shellfish, and particularly 
to a detecting method and a detecting device for detecting shell 
pieces or foreign matters remaining in a shucked shellfish. 

[Prior Art] 

For the detection of remains shell in a shucked shellfish, a 
shellfish is boiled and then shucked, after a boiled stock is 
separated, . put into a water tank to separate a coarse remains 
shell, then small remains shell is separated and removed on a mesh 
type conveyer by visual inspection. 

Fig. 15 is an illustrative diagram showing a conventional 
detecting method of remains shell in a shucked shellfish by visual 
inspection. As shown in Fig. 15, a short-necked clam after boiling 
is charged and carried sequentially into water tanks 70, 70 - 
formed stepwise and, after a coarse shell is separated, delivered 
by mesh belt conveyers 72. On the belt conveyers 72, remains shell 
in the shucked short-necked clam is detected by visual inspection 
of inspectors and then metal foreign matters are automatically 
detected by a search coil type metal detector 74 in the next 
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process step. 

In such a visual inspection, however, it is feared that the 
visual confirmation of remains shell cannot be made in a state of 
sticking the shucked shellfish or winding into the meat of shucked 
short-necked clam or the overlook of inspectors increases if their 
fatigue increases. Moreover, it is feared that the taste of the 
shucked short-necked clam deteriorates because it is exposed to air 
on the mesh belt conveyers 72. Accordingly, an automatic detecting 
methods by machines are considered, an ultrasonic inspection mode, 
an electromagnetic inspection mode and a soft X-ray inspection mode 
are given as machine detection modes. 

[Problems to Be Solved by the Invention] 

However, various problems exist in devices applied with such 
an automatic inspection modes. In the ultrasonic inspection mode, 
there is an inconvenience that the shucked short-necked clam and 
the remains shell cannot be easily discriminated. In the electro- 
magnetic inspection mode, the inspection of foreign matters other 
than metals is difficult, for example, the application to non- 
magnetic metals becomes difficult because the N/S being the 
detection accuracy is bad. 

Because soft X-ray inspection unit can recognize various 
foreign matters, it gives great results in foreign matter detection 
of food other than shellfish. However, this is not a unit for 
visually judging an image of X-ray TV camera of said shucked 
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shellfish conveyed on the mesh type belt conveyer, thus the 
automation of this judgement is retarded. The reason for it is 
that the X-ray absorption difference between the remains shell and 
the shucked shellfish is not big, therefore the signal processing 
is difficult and there is no effective method for the separation of 
the remains shell and the shucked shellfish. 

This invention was made in view of such a circumstance and is 
aimed at providing a detecting method and a detecting device for 
remains shell in a shucked shellfish which enables to enhance the 
detection sensitivity of X-ray absorption difference between the 
remains shell and the shucked short-necked clam by signal 
processing. 

[Means for Solving the Problem] 

To achieve the said purpose, a detecting method for remains 
shell in a shucked shellfish which detects shell pieces remaining 
in the shucked shellfish is characterized by that 
an X-ray is irradiated to a shucked shellfish, an X-ray image of 
said shucked shellfish is received via an X-f luorescent plate and 
is converted to an electric signal, the said electric signal is 
amplified to a prescribed level and then subjected to a logarithmic 
transformation, the intensity, width and absorption wave form of X- 
ray image of X-ray image absorption parts given by the logarithmic 
trans-formation are measured, the X-ray image absorption part of 
said shucked shellfish and the X-ray image absorption part of said 
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shell pieces are discriminated based on the said measured values, 
and a sorting unit is controlled to separate and remove the shucked 
shellfish containing the shell pieces based on said discrimination. 

According to this invention, a detecting device for remains 
shell in a shucked shellfish which detects shell pieces remaining 
in the shucked shellfish is characterized by comprising 
a bucket conveyer in which buckets are arranged side by side, said 
buckets are transferred intermittently at a given period and a 
prescribed quantity of shucked shellfish is continuously charged to 
the respective buckets, an X-ray irradiation unit which irradiates 
an X~ray to the shucked shellfish in the said buckets, a light 
receiver which has an X-f luorescent plate for sensitizing to the X- 
ray and emitting a light and receives an X-ray image of said 
shucked shellfish by said fluorescent plate, a photoelectric 
transfer element which converts a light emitted from the X- 
fluorescent plate of said light receiver, a signal processing unit 
which amplifies the electric signal of said photoelectric transfer 
element to a prescribed level and then processes it by logarithmic 
transformation, measures the intensity, width and absorption wave 
form of X-ray image absorption parts given by the logarithmic 
transformation, and discriminates the X-ray image absorption part 
of said shucked shellfish and the X-ray image absorption part of 
said shell pieces based on said measured values, and a sorting unit 
which intakes a control signal from said signal processing unit 



7 



based on said discrimination and operates the buckets of said 
conveyer to separate and remove the shucked shellfish containing 

shell pieces. 

[Functions] 

According to the detecting method and device for remains shell 
in a shucked shellfish relating to this invention, the X-ray 
transmitted images of shell pieces and shucked short-necked clam 
are captured by a high-sensitivity X-f luorescent plate, this 
emitted light is converted electrically by the photoelectric 
transfer element, the electric signal is amplified to a prescribed 
level by the signal processing unit, and then this signal is 
processed by logarithmic transformation for removal of noises 
associated with the amplification and original quantum noises of 
the signal. The discrimination of the X-ray image absorption parts 
of said shell pieces and shucked short-necked clam which are signal 
processed in this way is performed by evaluating the intensity of 
absorption parts from a mean base level, the width of absorption 
parts at a given value as well as the absorption wave form. 
Therefore, this invention can make an automatic discrimination of 
the shell pieces and the shucked short-necked clam, and the sorting 
unit can correctly sort the shell pieces based on the discrimina- 
tion signal. 

[Actual Examples] 

Preferable actual examples of the detecting method and device 
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for remains shell in a shucked shellfish relating to this invention 
will be illustrated in detail according to attached drawings below. 

Fig. 1 is an illustrative diagram of the detecting device for 
remains shell in a shucked shellfish relating to this invention. As 
shown in Fig. 1 and Fig. 2, a feed hopper 16 of shucked short- 
necked clam is provided on the right side surface of a body 12 of 
said detecting device 10 for remains shell in the shucked shell- 
fish. A conveyer 18' is provided in the body 12, and the conveyer 18 
comprises multiple rollers 20, 20 a chain 22 around the rollers 
20, buckets 24, 24 mounted to the chain 22 by a piano keyboard type 
and a motor 28 which drives a driving roller 20A via a belt 26. 
This motor 28 is connected to a power supply/control box 30 and 
intermittently rotated. Accordingly, the buckets 24 are intermit- 
tently transferred and the shucked short-necked clam is intermit- 
tently charged and transferred in a predetermined quantity by the 
buckets 24. 

An X-ray irradiation unit 32 is installed at about the central 
ceiling of body 12 of said detecting device 10 for remains shell in 
shucked shellfish and housed in a seal drum 34. This X-ray irradia- 
tion unit 32 is connected to the power supply/control box 30 and 
irradiates to the carried shucked short-necked clam 14 in the 
buckets 24 at a low X-ray intensity {60 - 80 kV, 3 - 5 mA) . 
Moreover, the ripple frequency of this X-ray is 300 Hz. 
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. As shown in Fig. 3, the X-ray transmitting through the shucked 
short-necked clam 14 is received by an X-f luorescent plate 36 of a 
light receiver. The X-f luorescent plate 36 is formed with an rare- 
earth fluorophor, and a voltage of DC 350 V is applied to both 
sides of said fluorophor. This X-ray fluorescent plate 36 has a 
characteristic capable of displaying an X-ray image by electro- 
luminescence in a high sensitivity and a high brightness. At this 
time, the cumulative time of voltage of said X-f luorescent plate 36 
is set up in synchronism with the ripple frequency of said X-ray 
irradiation unit 32. This coaxes the periodic fluctuation of X-ray 
and enhances the S/N caused by the integral accumulation. A 
photoelectric transfer element 38 for photoelectrically converting 
the light emitted at the X-ray fluorescent plate 36 to an electric 
signal is closely adhered to the X-f luorescent plate 36 and 
consists of an adhesion image sensor (35 image elements, photodiode 
array) , and this electric signal is sampled in a signal processing 
unit 40. 

A pulse generator 42 of said signal processing unit 40 outputs 
a clock signal and an intake start signal to a controller 44 (see 
(1), (2) of Fig. 4). The controller 44 outputs a signal to a driver 
46 based on the start signal, and the driver 46 outputs an address 
signal and a control signal to a multiplexer 48. The electric 
signal from the photoelectric transfer element 38 (wrong number 40 
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in the original specification, translator) is read by starting the 
sampling and sequentially switching from a one-dimension array body 
of said photoelectric transfer element 38 in synchronism with the 
ripple frequency of X-ray (300 Hz) by the multiplexer 48 {wrong 
number 42 in the original specification, translator) {see (3), (4) 
of Fig. 4). This gives an X-ray image absorption level signal A of 
about 20 mV in the signal processing unit 40 (wrong number 42 in 
the original specification, translator) . 

This X-ray image absorption level signal A is amplified to 10 
times by a video operation amplifier 50 in the signal processing 

/i 

unit 40 and then outputs to an A/D converter 52. The A/D converter 
52 processes the input video signal by a sample-and-hold circuit 
based on a trigger signal from the controller 44, converts it to a 
local continuous signal and then converts the signal to a digital 
signal by the 12-bit A/D converter 52. In this case, the A/D 
conversion of said electric signal is synchronized with the timing 
of clock (100 KHz) read by the one-dimension array body of said 
photoelectric transfer element 38 (wrong number 40 in the original 
specification, translator) via the controller 44 to remove switch 
noises of said X-ray image electric signal read from the one- 
dimension array body of said photoelectric transfer element 38 
(wrong number 40 in the original specification, translator) (see 
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(7) of Fig. 4). This effectively removes the noises associated with 
the amplification and the original quantum noises of said signal 
and facilitates subsequent signal discrimination processing even if 
the X-ray absorption difference between the shucked short-necked 
clam and the remains shell is small. 

Next, the signal from the A/D converter 52 is sent to a 16-bit 
personal computer 56 for data processing via a DMA interface 54. 

Fig. 5(A) to 5(D) are CRT image pictures in various steps 
wherein the original signal is corrected and processed by the 
personal computer 56. 

Fig. 5(A) is an X-ray image absorption wave form chart given 
by a CRT screen based on the original signal from the A/D converter 
52, and Fig. 5(B) is an X-ray image absorption wave form chart 
given by the CRT screen with an original signal corrected by 
logarithmic transformation (ielog V). Fig. 5(C) is an X-ray image 
absorption wave form chart given by the CRT screen with the 
logarithmic transformed signal which is corrected by gain, and Fig. 
5(D) is an X-ray image absorption wave form chart given by the CRT 
screen with the gain corrected signal which is further corrected by 
shading. The personal computer 56 makes an analysis of traps (X-ray 
absorption parts) of an X-ray image absorption wave form of Fig. 
5(D) based on the signal corrected by shading (see Fig. 6). The 
computer 56 measures the depth of traps (X-ray absorption inten- 
sity) from a mean base level of X-ray absorption, the width of trap 
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at a value going down for a given value from the mean base level, 
the wave form of traps and the integral quantity (area value) of 
traps, discriminates a trap caused by the shucked short-necked clam 
and a trap caused by the remains shell and other foreign matters, 
etc. based on these measured values, and then outputs a control 
signal to a subsequent sorting unit 59 based on this discrimination 
processing as shown in Fig. 1 and Fig. 2. 

As shown in Fig. 7 and Fig. 8, an arm 60 is mounted to the 
chain 22 of said conveyer 18, and one end of said buckets 24 is 
rotatably mounted to the front end of said arm 60 via a pivot pin 
62. The other end of said buckets 24 is supported by support 
rollers 64. 

The support rollers 64 in the sorting unit 59 are movable in 
the direction of arrow A as shown in Fig. 8, the buckets 24 are 
rotated downward to allow the shucked short-necked clam 14 in the 
buckets 24 to fall down by this movement. A non-defectives hopper 
66 and a defectives hopper 68 are provided in a position below the 
support rollers 64, 64 ... of said sorting unit 59. Accordingly, the 
buckets 24 are rotated downward to allow the shucked short-necked 
clam 14 in the buckets 24 to fall down into the non-defectives 
hopper 66 or the defectives hopper 68 by operating the support 
rollers 64, 64 ■.• of said sorting unit 59. 

The support rollers 64, 64 •-■ of said sorting unit 59 are 
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operated based on the control signal of computer 56 of said signal 
processing unit 40, when a bucket 24 having remains shell or 
foreign matters is located on the support rollers 64 above the 
defectives hopper 68, these support rollers 64 move in a direction 
shown in Fig. 8 according to the control signal. When a bucket 24 
having remains shell without remaining foreign matters is located 
on the support rollers 64 (wrong number 66 in the original 
specification) above the non-defectives hopper 66, these support 
rollers 64 move in a direction shown in Fig. 8 according to the 
control signal. 

Moreover, a shielding box 69 is formed in an inspection area 
of bucket conveyer 18 in the body 12 of said detecting device for 
remains shell in the shucked short-necked clam 14 to prevent the X- 
ray from external diffusion by the box 69. 

According to the detecting method and device for remains shell 
in shucked shellfish relating to this invention constituted as 
described above, a prescribed quantity of the shucked short-necked 
clam 14 charged form the feed hopper 16 is continuously charged and 
intermittently transferred below the X-ray irradiation unit 32. An 
X-ray is irradiated to the shucked short-necked clam 14 by the X- 
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ray irradiation unit 32 in synchronism with the intermittent 
transfer period. An X-ray transmitted image is received by the X- 
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ray fluorescent plate 36. The light emitted from said X-ray 
fluorescent plate 36 is converted to an electric signal by the 
photoelectric transfer element 38, and then the electric signal is 
taken into the signal processing unit 40. 

The signal processing unit 40 intakes the electric signal from 
the photoelectric transfer element 38 at a given timing, an X-ray 
image level signal A is amplified by the operation amplifier 50 and 
then digitally converted by the A/D converter 52. The X-ray image 
processing signal A made to a digital signal is output to the 
personal computer 56 to correct and process the X-ray image 
processing signal A by logarithmic transformation, and then noises 
associated with the amplification of said operation amplifier 50 
and said A/D converter 52 and original quantum noises of signal are 
removed. Thereby, the corrected X-ray image signal indicates clear 
absorption parts for the shucked short-necked clam 14 and the 
remains shell. 

Fig. 9(A) to 12(A) are side views showing state in the 
photograph of said shucked short-necked clam 14 and said remains 
shell, and Fig. 9{B) to 12(B) are X-ray absorption wave form charts 
showing X-ray image signals at this time. The X-ray wave form 
absorption image pictures are corrected by gain and shading in 
addition to logarithmic transformation. As is evident from Fig. 9 
to Fig. 12, the shucked short-necked clam 14 and the remains shell 
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15 are clearly detected, and their X-ray absorption values can be 
printed out from the computer 56. The depth (X-ray absorption 
intensity) , the width, the wave form of these detected traps and 
the total area of said traps are measured, then the traps caused by 
the shucked short-necked clam 14 and the traps caused by the 
remains shell 15 and other foreign matters are discriminated and 
processed based on these measured values. Therefore, the discrimi- 
nation of said shucked short-necked clam 14 and said remains shell 
15 can be confirmed and made automatically. 

Then, a control signal is output to the sorting unit 59 based 
on the discrimination processing of said personal computer 56, 
buckets 24 containing remains shell or foreign matters are rotated 
down by a keyboard type in the sorting unit 59 by operation of 
support rollers 64, and the shucked short-necked clam 14 containing 
remains shell or foreign matters can be easily accumulated in the 
defectives hopper 68 and separated. Accordingly, the remains shell 
remaining in the shucked short-necked clam 14 can be automatically 
detected and separated by the detection method using an X-ray. 

Fig. 13 and Fig. 14 are plan view and side view of Actual 
Example 2 of the detecting method and device for remains shell in 
shucked shellfish relating to this invention. As shown in Fig. 13 
and Fig. 14, a feed hopper 16, an X-ray irradiation unit 32, an X- 
fluorescent plate 36 and a signal processing unit 40 in the 
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detecting method and device 71 for remains shell in shucked 
shellfish have about the same structure as Actual Example 1 of Fig. 
1, and their detailed description is omitted. 

The detecting device 71 for remains shell in shucked shellfish 
in Actual Example 2 is characterized by a bucket conveyer 73, 
roughly fan-like buckets 77, 77 are arranged around a rotating 
plate 75 an a bucket conveyer 73, the one end is rotatably pivoted 
, and support rollers 64, 64 • are arranged at the other end of 
outer side of said buckets 77, 77 The rotating plate 75 is 
intermittently rotated by a motor 28, and the buckets 77 are also 
transferred therewith. Support rollers 64 of a sorting unit 59 are 
moved and operated in the outward direction (arrows E or F shown in 
Fig. 1*3) of said rotating plate 75 based on a control signal from 
the signal processing unit 40, and the buckets 77 are rotated below 
it. 

Similarly to the detecting method and device for remains shell 
in shucked shellfish shown in Fig. 1 and Fig. 2, the buckets 77 of 
.said shucked short-necked clam 14 containing shell pieces and 
shucked short-necked clam can' be easily operated and their 
separation can be simplified in such a structure. 
[Effects of the Invention] 

As described above, the detecting method and device for 
remains shell in shucked shellfish relating this invention enables 
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to enhance the detection sensitivity of X-ray absorption difference 
between shell pieces and shucked shellfish because an X-ray is 
irradiated to a shucked shellfish, an X-ray image of said shucked 
shellfish is received via an X-f luorescent plate and is converted 
to an electric signal, the X-ray image level signal is amplified to 
a prescribed level and then subjected to a logarithmic 
transformation, the intensity, width and absorption wave form of X- 
ray image absorption part given by the logarithmic transformation 
are measured, the X-ray image absorption part of said shucked 
shellfish and the X-ray image absorption part of said shell pieces 
are discriminated based on these measured values. 

IV. Brief Description of the Drawings 

Fig. 1 is detecting device for remains shell in shucked 
shellfish relating to this invention. Fig. 2 is side view of Fig. 
1, Fig. 3 is illustrative diagram of signal processing unit of 
detecting device for remains shell in shucked shellfish. Fig. 4 is 
timing chart in signal processing unit, Fig. 5 is X-ray image 
absorption wave form charts given by CRT in various steps at the 
time of correcting original signal by personal computer. Fig. 6 is 
X-ray image absorption wave form chart for discrimination by 
personal computer. Fig. 7 and Fig. 8 are side views showing 
mounting structure of buckets, Fig. 9 to Fig. 12 are side views 
showing shucked shellfish and shell pieces in photography and X-ray 
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image absorption wave form charts, Fig. 9 (A) to Fig. 12(A) are side 
views in photography, Fig. 9(B) to Fig. 12(B) are X-ray image 
absorption wave form charts. Fig. 13 and Fig. 14 are plan views and 
side views of Actual Example 2 of detecting device for remains 
shell in shucked shellfish relating to this invention, and Fig. 15 
is illustrative diagram of conventional detecting method for 
remains shell in shucked shellfish. 

10, 71 - detecting method and device for remains shell 
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Figure 5 KEY: 

(A) CRT screen 

[figure] 
Original signal 

(B) Logarithmic transformation 

(C) Gain correction 

(D) Shading correction 

Figure 6 KEY: 
Analytic result 
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Figure 9 KEY: 

shell 
(thickness 0 . 5 mm 
width 2 mm) 

Figure 10 KEY: 
(A) 
shell 
(thickness 0 . 5 mm 
width 2 mm) 
(B) 
shell 

Figure 11 KEY: 
(A) 
shell 
(thickness 0 . 5 mm 
width 2 mm) 

(B) shell 
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Figure 12 KEY: 
(A) 
shell 
(thickness 0.5 nun 
width 2 mm) 

(B) shell 



» 12 ea 

(A) 




(B) 



veitnn 
1 



s 



0 SI0ISS2S3O39 





25 



